Field experiments were conducted during two successive summer seasons of (2013/2014) at Al-Amrya area (Al-Nhada region) in Sanad1 village representing a new reclaimed land to assessment impacts of traditional, alternative and surge alternative furrow irrigation techniques, on cotton yield and yield components, water saving and crop water productivity in sandy clay loam soil. Application efficiency (Ea), distribution uniformity (DU) water infiltrated depth (Finf.) as well as advance and recession times (Tadv. and Trec.) were taken in consideration. The experiments were carried out in a randomized complete block design in three replicates. Irrigation treatments involved: conventional furrow irrigation (EFI), alternative furrow irrigation (AFI) and surge alternative furrow irrigation (SAFI) incorporated in three different cycle times and cycle ratios. Obtained results indicated that, shifting irrigation practice from conventional irrigation (EFI) to AFI and SA(10/10), decreased water consumptive use (WCU) by about 21.93 and 36.37 %, respectively. Both of water application efficiencies (Ea) and distribution uniformities (DU) values were improved under AFI and SA(10/10) treatments. Highest average values of (Ea) and (DU) were 84.95 % and 0.8532 obtained with SA(10/10), as compared to (EFI) treatment. Shifting irrigation practice from conventional furrow irrigation (EFI) to alternate furrow (AFI) increased seed cotton yield and lint yield by about 11.91 and 12.52 %, respectively, and saved irrigation water by about 15.20 % as compared to EFI treatment. Maximum seed cotton yield, seed yield and lint yield of 1746.73, 1125.82 and 610.12 (kg/fed), respectively were obtained under SA(10/10) treatment, followed by SA(10/15) by about 1041.54 and 546.92 (kg/fed), which saved irrigation water by about 25.00 and 21.57 %, respectively. Average water use efficiency (WUE) and irrigation water use efficiency (IWUE) values were significantly affected by different irrigation treatments. Maximum average WUE and IWUE values of 0.758 and 0.477 (kg/m 3 ) were recorded with SA(10/10) treatment. It could be concluded that, in case of lack of irrigation water, surge alternative and alternative furrow irrigation methods are mainly preferred under the conditions of the study area.
INTRODUCTION
Today the significance of crop irrigation and water use is highly strategic due to the two parallel crises the 1 st increase of water scarcity to population as a result to decrease the available water resources for agriculture in recent years with the increased demands for irrigation and other nonagricultural water uses. And the 2 nd climate change. Enhancing agricultural productivity has become essential to meet food demands for the ever growing population. Thus, available water for irrigation needs to be utilized judiciously. Viewed from the perspective of water stress, the purpose of irrigation is to keep water status at a level that maximizes yield within the constraints of irrigation supply and growing season weather. Cotton (Gossypium hirsutum L.) is the most important crop and fibers in Egypt. Furrow irrigation methods are extensively used for cotton production. The farmers use, generally, over irrigation water, which results in high losses and low irrigation efficiencies, thus in turn causes drainage and salinity problems (Khalifa 2006) . In the recent past the Egyptian long staple cotton was the most important cash crop and played a significant role in the economic development of the country. The cotton crop not only met the increasing demand of domestic agro-based industries but also fetches a substantial amount of foreign exchange through exportable surplus of cotton fiber and fiber made products. Cetin and Bilgel (2002) cited that cotton provides raw material not only for the textile industry but also the feed and oil industries with its seed, rich in both oil (18-24%) and protein (20-40%). One of the critical problems in cotton production is the amount of irrigation water. Water requirements vary widely depending on growing season length, climate, cultivar, irrigation method, and production goals, but may range from 700 to 1200 mm. In regions with limited rainfall, yields increase linearly with irrigation application over the range of 600 to 900 mm, depending on the cultivar and provided the growing season is long enough to allow for complete boll and fiber development (FAO 2012) . Lascano and Sojka (2007) reported that the area should be increased by more than 20 % and the irrigated crop yield should be increased by 40 % by 2025 to secure the food for 8 billion people. Despite this progressive water shortage, most farmers, especially small ones continue to use flood irrigation that results in high water loss by evaporation and drainage. Research shows that over 45 % of water applied is lost to deep soil drainage and surface runoff (Karrou et. al., 2012) . Water resources in Egypt are limited and restrict crop production in the newly reclaimed lands because of current intensive agricultural production. Agriculture in Egypt relies heavily on irrigation. The agricultural sector consumes more than 84% of available water resources. Many efforts have been made by specialized to conserve and prevent wasteful in irrigation water by using wide spaced furrow irrigation, skipped crop rows as a means to improve water use efficiency or fixing some furrows for irrigation, while adjacent furrows were not irrigated for the whole season. Kang et al. (2000a and b) showed that alternative drying of part of the root system was better than the drying of fixed part of the root zone, in addition the alternate furrow irrigation drying led to an even distribution of the root system in the soil with better utilized of nutrients in the whole root zone. The results of more recent investigation (Mintesinot et al., 2004) showed that by using alternate furrows resulted highest water productivity values which the increase over the traditional management was 58%. Clemmens et al. (1999) reported that over the past decade, there has been a gradual shift in Egypt towards development of farm mechanization systems. They recommended to implementing a tail water recovery system and improving irrigation scheduling would potentially increase irrigation efficiency and reduce the over-irrigation and nitrate leaching observed for crop production system. El-Hadidi. et al. (2008) conducted an experiments at Sakha Agricultural Research Station, Kafr Elshiekh Governorate during two successive summer seasons (2006 and 2007) to evaluate surge, alternative and continuous flow in furrow irrigation with cotton crop. Their results indicated that the performance of the system during the evaluation was acceptable in case of surge flow at 0.75 cycle ratio with 30 min. on and 10 min. off in the two growing seasons. In case of continuous flow, the performance of the system was poor since about 48 percent of all water applied was lost from the field as runoff or deep percolation. El-Shahawy (2004) found that the irrigation of all furrows under traditional land leveling received the highest amount of irrigation water. On the other hand, alternative furrow irrigation under precision land leveling received less amount of irrigation water. Meleha (2000) reported that water requirements for cotton plants were ranged between 3500 and 3638 (m 3 /fed) and many studies were carried out to improve irrigation efficiencies to achieve the proper economic use of water. Ertek and Kanber (2003) , Karam et al. (2006) and Buttar et al. (2007) studied the effect of different irrigation methods and practices on lint yield. They found that the excessive irrigation of cotton can lead to increase in vegetative growth, delay maturity, reduce number of open bolls, and decrease the yield, whereas insufficient water can cause an increase in shedding, thus, a decrease in yield. Ismail and Raghab (2006) investigate that, the reduction in advance time was more pronounced in sandy clay soil and sandy clay loam soil than sandy soil. The 24 minutes cycle time was better than the 16 minutes cycle time. Horst et. al. (2007) assessed impacts of surge-flow irrigation on water saving and productivity of cotton. They results identified the best irrigation water productivity (0.61 kg/m 3 ) was achieved with surge-flow on alternate furrows, which reduced irrigation water use by 44 % (390 mm) and led to high application efficiency, near 85 %. Khalid et. al. (1999) observed that two varieties of cotton were grown under furrow and alternate furrow irrigation methods. In alternate furrow irrigation, 40.61 % less water was used. Water use efficiency (WUE) in both the varieties was 22 and 21 % higher with alternate furrow irrigation as compared to conventional furrow irrigation. Alternate furrow irrigation received less amount of water and produced almost the same yield as in conventional furrow irrigation method. Ebrahimian et. al. (2011) conducted experiments to apply surface fertigation in alternate furrow irrigation and compare it with conventional furrow irrigation in terms of yield production and water use efficiency (WUE). Total applied irrigation volume and the biomass and dry matters in the beginning, middle and end parts of the experimental field were measured for all irrigation treatments. The highest biomass and dry matters were obtained in conventional furrow irrigation 55.0 and 20.2 (ton/ha), respectively. Meanwhile, fixed alternate furrow irrigation had the lowest values for the biomass and dry matters 27.3 and 8.3 (ton/ha), respectively. WUE value was 2.82 (kg/m 3 ) with alternate furrow irrigation, 1.31 (kg/m 3 ) with fixed alternate furrow and 1.61 (kg/m 3 ) with conventional furrow irrigation, respectively. Alternate furrow irrigation not only decreased water and fertilizer consumptions but also significantly increased water use efficiency. Now and a long -term perspective Egypt in shortage of fresh water resources, highlights and urgent solution for innovative irrigation strategy and agricultural water management, so it was thinking about how to reduce the irrigation water used with conventional surface irrigation system by using less water than usual in the same time improving water use efficiency and increasing the homogeneity of water distribution. Therefore, the main objectives of the present study were to: 1-Assessment impacts of the different irrigation treatments (conventional, alternative and surge furrow irrigation) on cotton seed yield and yield components. 2-Determine water saving potential (WS), water use efficiencies under different surface irrigation treatments. " E and 8.0 m Altitude), to evaluate the performance of different furrow irrigation treatments (conventional, alternative and surge alternative with different cycles ratio) on seed cotton yield cotton, productivity and water saving potential and water use. The climate of the experimental site is usually dry with ineffective rainfall . Soil samples were collected at 20 cm increments to a depth of 60 cm to determine some physical properties of the experimental site according to the methods described by Klute (1986) . Values of these measurements are presented in Table ( 1). Double ring infiltrometer was used to determine soil infiltration rate parameters with conventional and alternative irrigation. Laboratory experiments were conducted to measure the water intake rate parameters under different surge irrigation cycles. Soil roughness and furrows cross section area and furrow geometry were determined using a profile-meter. Measurements of furrow irrigation hydraulic parameters included furrow length, width, slope, water application rate, advance and recession times, cutoff time, and furrow water normal depth (Y) with time through each irrigation event were recorded. 
MATERIALS AND METHODS

Experimental design
The experiments were laid out in randomized complete block design (RCBD) in three replicates. Each replication includes five experimental plots. Plot size consisted of six blocked end furrows each 100 m long and 0.60 m width with a total area of 360m 2 . The slope in the irrigation direction was 0.001 (m/m). Buffer zones of two wet furrows separated between replicates, and between plots to avoid the interference and to facilitate the movement between the treatments. To monitor the advance and recession time, ten monitoring points (stations) were established along the furrows. The distance between two consecutive points was 10.0 m.
Irrigation treatments
The irrigation treatments are designated as EFI, AFI, SA(10/10), SA(10/15) and SA (10/ 
Cultural practices and measurements
Cotton seed variety Giza 86 (Gossypium hirsutum L) was hand planted on 20 and 18 April after wheat in 2013 and 2014 seasons, respectively at 0.2 m apart between hills. Hand hoeing was carried out three times during the growing seasons. Before second irrigation, the plants were thinned to two plants per hill. Past management was carried out on an as-needed basis, according to local practice performed at the experimental station. The ordinary cultural practices for growing cotton were adopted as recommended, except the experimental treatments. Also, pest management was carried out according to the practice performed at the experimental site. At full maturity stage, ten plants were chosen at random from each treatment to estimate seed cotton yield/plant (g). Seed index (g 100 seed -1 ) and Lint index (g lint100 seed -1 ) was measured according to Zakaria et al. (2006) from individual plants. Total cotton yield/plot was determined by first handpicking on September 20 and 27 with final hand-picking on October 15 and 21 in the two seasons of 2013 and 2014, respectively. Seed cotton yield/treatment in kilograms/ feddan was determined and transformed to seed cotton yield/treatment in kentars/feddan (one kentar equal to 157.5 kg).
Inflow rate measurements
Average water inflow rate was 1.075 (l/s/furrow), based on changes of water head over the center of spiels (h) and spiels diameter. The amount of water applied was estimated by a measuring water volume in a certain time. Furrow irrigation inflow rate (q) was determined using the following equation according to Michael, (1978) . 2gh a 3 10 0.65 q     Where q: irrigation water inflow rate per furrow (l/s.), h: water head above the center of spiels (cm), a: the spiels cross-section area (cm 2 ) and g: acceleration due to gravity (981 cm/sec 2 ).The calibration of the spiels discharges were carried out under the operation conditions using volumes and times method.
Advance and recession times (T adv and T rec )
Advance time was recorded at each station along furrows. As water reached the end of furrows, storage time started and was recorded until the required depth of water above the surface was equal in all stations along all the furrows. As the storage phase ended, water supply was stopped and recession time began. Recession time was recorded for all stations until water in the furrow disappeared. Also, advance and recession time were measured for surge irrigation treatments, considering on-and off times. The advance distances were also measured for all treatments.
Applied irrigation water (Q)
The volume of water applied for each plot was calculated by the following relationship: ). Water applied depth varied according to the time for each irrigation treatment. Total water applied depth or seasonal water applied (Wa) was the sum of the amounts of water added at each irrigation event during the entire growing season. -Computation of water infiltrated depth, Z inf from the following equation:
Where Z is the accumulated intake volume per unit length, (m 3 /m) (per furrow or per unit width), T is the intake opportunity time in minutes, a is the constant exponent, K is the constant coefficient (m 3 /min/m) of length, and C is the basic intake rate, (m 3 /min/m) of length. In order to express intake as a depth of application, Z must be divided by the unit width. For furrows, the unit width is the furrow spacing, W f . Values of K, a, b and W f along with the volume per unit length required to refill the root zone, Z req , are design input data. The design procedure requires that the intake opportunity time associated with Z req be known. This time, represented by T req , requires a nonlinear solution to Eq. (5):
(1/a) req req /K) (Z T 
Water consumptive use (WCU)
The quantities of water consumptive use (WCU) were calculated using the following equation (James, 1988 
Irrigation efficiencies Water application efficiency (Ea)
Water application efficiency (Ea) was calculated based on required water infiltrated depth (Z req ) as the ratio of furrow volume (F vol ) of water infiltrated to furrow volume of water applied according to Clemmens (2007) .as follows:
Water distribution uniformity
To study the effect of the different irrigation treatments on water distribution uniformity along the furrow, the soil water content was measured at the beginning, middle and at the end of the furrows at 20 cm increments to a depth of 60 cm. Water distribution uniformity (DU), was calculated as the ratio of low quarter average water infiltrated depth (Z inf-lq ) to average water infiltrated depth, (Z ave ) according to Clemmens (2007) .
Where L: furrow length, (m) and S: furrow width, (m).
Water use efficiencies (WUE and IWUE)
Crop water use efficiency WUE and IWUE were determined according to Ali et al., 2007 
Statistical analysis
Statistical analysis of the average data over the two growing seasons was performed using a randomized complete block design with three replicates at random procedure using CoStat (version 6, 311, CoHort, USA, 1998 -2004 . Comparisons between treatments as a mean values were carried out using the least significant difference (LSD) at 0.05 probabilities.
RESULTS AND DISCUSSION
Advance and recession times (T adv and T rec )
Advance and recession times behavior were different due to different irrigation treatments as shown in Fig. (1) . Advance and recession times varied depending on furrow irrigation management techniques. As shown in Fig. (1a) , highest average advance time values of 66.5 and 56.4 min were associated with EFI and AFI treatments as an average value for all irrigation events during growing season, respectively. Meanwhile, the lowest average advance time values were observed with SA (10/10) (36.6 min) followed by SA (10/15) (45.1 min), respectively, Fig. (1c) . Faster recession times were observed with alternative furrow irrigation technique, (AFI) due to lateral infiltration in the direction of non-irrigated furrows as compared to conventional irrigation, (EFI), Fig. (1a) . Also, faster recession times Fig. (1c) explained that were observed with surge alternative furrow irrigation technique, were due to less amount of water volume applied as compared to conventional irrigation (EFI).
Advance time measurements with inflow rate 1.075 (l/s) for all irrigation events during growing season showed that, advance time is faster with surge-flow at the beginning of growing season as compared with conventional irrigation, (EFI), when soil clods are yet formed. Therefore, average water volume used to complete the advance time for all irrigation events during growing season, with SA(10/10) is about 17.65 % less than with conventional treatment (EFI). Later in the growing season, the advance times are practically the same because the furrows are then smoothed and no advantages in water use are observable for surge-flow.
Water infiltrated depth ( Z inf )
As shown in Fig. (1b) , highest water infiltrated depth values were observed with EFI and AFI treatments, which, range between (151.1 mm at furrow inlet to 138.5 mm at furrow end) and (134.9 at furrow inlet to 121.8 mm at furrow end), respectively. This is may be due to using small inflow rate, the opportunity time at furrow inlet for infiltrated water, inside the soil layers in the vertical direction greater than water advance in horizontal direction.
Recession time mainly depend on the duration of intake opportunity time, (T opp ), average intake opportunity time values with EFI and AFI for all irrigation events during growing season, were ranged from (140.7 at furrow inlet to 117.3 min at furrow end) and (137.4 at furrow inlet to 111.6 at furrow end min), respectively. Increasing intake opportunity time at furrow inlet may be due to the rearrangement of fine partials to fill the voids between big aggregates and the formation of surface seal. On the other hand, the reduction in intake opportunity time, (T opp ) at furrow end was attributed to fast infiltration of water inside the soil layers in the vertical direction greater than water advance in horizontal direction.
Water infiltrated depth values were improved and decreased with surge alternative treatments, SA (10/10), SA (10/15) and SA(10/20) as shown in Fig. (1d) . Average water infiltrated depth values for all irrigation events during growing season were ranged between (136.0 mm at the head of the furrow to 111.7 mm at furrow end), (144.9 mm at the head of the furrow to 115.7 mm at furrow end) and (151.0 mm at the head of the furrow to 120.4 mm at furrow end), respectively. The reduction in average water infiltrated depth values with surge alternative technique may be due to consolidation, soil particle migration and furrow smoothing results from the off times, as the furrow channels become more streamlined throughout the irrigation season.
Seasonal amount of water applied (Wa)
Average Wa values over the two growing seasons were presented in Table ( Considering irrigation intervals, lowest seasonal amount of water applied (Wa) with AFI treatments as compared to EFI might be due to the great reduction of wetted surface in AFI; almost half of the soil surface is wetted in AFI as compared to EFI. This result supports the outcome obtained by Hiekal et al. (2009) , who found that AFI methods can supply water in a way that greatly reduces the amount of wetted surface, which leads to less evapotranspiration and less deep percolation. The amount of (Wa) with surge alternative techniques were less than EFI and AFI. This can be attributed to depths of applied water with EFI and AFI were 1.24 and 1.05 times higher than for surge alternative techniques. This is due to the fact that the inflow water volumes were reduced during the wetting phase and the cut-off time T co was smaller with surge treatments.
Water consumptive use (WCU)
Water consumptive use (WCU) was significantly decreased under surge furrow irrigation treatments and had the same trend in both seasons ( /fed was obtained with SA(10/10). These results indicate that AFI and SA(10/10) were decreased WCU by about 21.93 and 36.37 %, respectively, as compared to conventional EFI treatment. SA(10/10), average WCU value were lower than SA(10/15) and SA(10/20) by approximately about 9.59 and 18.71 %, respectively, as compared to conventional EFI, which may be due to the fact that cotton plants grown under SA(10/10) treatment conditions were subjected to water stress resulting from less frequent irrigation and lower amount of applied water. 
Irrigation performance Water application efficiency (Ea)
Irrigation performance parameters calculated for cotton crop under different irrigation treatments are shown in Fig. (3) . As shown in Fig (3a) , average values of application efficiency (Ea %), with EFI treatment for all irrigation events during growing season, showed that, approximately about 42.88 % of water applied were not available for the crop. While, with AFI, SA(10/10), SA(10/15) and SA(10/20) treatments for all irrigation events during growing season, these losses were about, 31.66, 15.05, 21.19 and 27.35 % of water applied were not available, respectively. Lowest average values of these losses were observed with SA (10/10) followed by SA (10/15). Lowest average (Ea) value of 57.12 % was obtained with EFI treatment followed by AFI treatment (68.34 %), Fig. (3a) . On the other hand, highest (Ea) average values of 84.95 %, 78.81% and 72.65% were obtained with SA(10/10), followed by SA(10/15) SA(10/20), respectively.
Water distribution uniformity (DU):
Average water distribution uniformity (DU) values for cotton crop under different irrigation treatments as average value for all irrigation events during growing season are presented in Fig. (3b) . Lowest average (DU) values of 0.7420 were obtained with EFI treatment, followed by sa(10/20) 0.7795 and SA(10/15) 0.81515. On the other hand, highest average (DU) value of 0.8532 was obtained with SA(10/10), followed by AFI about 0.8434. AFI had an increase in (DU) by approximately 13.66 % as compared to EFI. The increment values reached to 14.97 and 9.85 % with SA (10/10) and SA(10/15) treatments, respectively as compared to EFI. These results interpreted regarding to the water inflow rate, has to be determined for each field situation according to slope, advance phase, intake opportunity time, furrow length and depth of application, Mintesinot et al. (2004) . Generally, using alternative furrow irrigation and surge alternative furrow irrigation leads to increased homogeneity of water distribution uniformity into the soil.
Cotton productivity Seed cotton yield and yield components (kg/fed)
Data in Table ( 3) illustrate the influence of the different irrigation treatments on seed cotton yield and yield components. Irrigation treatments showed highly significant effect on seed cotton yield (SCy), seed yield (SY) and lint yield (LY). There are significant differences among all treatments except SA(10/15) and SA(10//20) treatments. However, SA(10/10) occupied the maximum (SCy), (SY) and (LY) values of 1746.73 (11.09 kentar), 1125.82 and 610.12 (kg/fed), respectively, followed by SA(10/15) and SA(10//20) treatments. Meanwhile, EFI treatment had the minimum (SCy), (SY) and (LY) values of 1233.41, (7.83 kentar), 825.94 and 428.77 (kg/fed), respectively. These results demonstrated the highly effect of surge alternative irrigation treatments on (SCy), (SY) and (LY) as shown in Fig. 4(a, b and c) . Practicing SA (10/10) treatments enhanced (SCy), (SY) and (LY) by about 41.62, 36.31 and 42.30 %, respectively, as compared to conventional irrigation (EFI) treatment. On the other hand, AFI treatments increased (SCy), (SY) and (LY) by about 14.55, 11.91 and 12.52 %, respectively, as compared to conventional irrigation (EFI) treatment. These increases in seed cotton yield and yield components with surge alternative irrigation treatments (SAFI) and alternative furrow irrigation treatment (AFI) may be due to surge alternate and alternate furrow irrigation have caused good aeration of roots zoon in soil; and enhanced structure of the soil and soil moisture content. While lower yield with EFI system was attributed to irrigation water ponds at the furrow ends after irrigation event, which too much water might have caused partially poor aeration of roots, and soil nutrients leaching. 
Seed and lint cotton indexes (g)
Seed index and lint index were significantly affected by the irrigation techniques as illustrated in Table ( 3) applying alternative and surge alternative furrow irrigation treatments, enhanced both of seed index and lint index. As shown in Table ( 3), seed index and lint index were improved and achieved their highest average values of 10.11 and 5.46 (g) with SA(10/10) treatment, respectively followed by SA (10/15), SA (10/20) and AFI treatments as compared to EFI treatment. However, the statistical analysis results showed non-significant differences among (SAFI) treatments regarding lint index.
Water use efficiency (WUE)
Average water use efficiency (WUE) values were significantly affected due to irrigation treatments. As shown in Fig. (5a) , and 
Irrigation water use efficiency (IWUE)
Irrigation treatments appear highly significant effect on irrigation water use efficiency (IWUE). As shown in Fig. (5b) and Table ( ) were recorded with EFI and AFI treatments, respectively. These results showed that both of SA(10/10) and SA(10/15) achieved highest average (IWUE) values as compared to EFI. This could be due to highest seed cotton yield obtained with lower WCU (549.0 mm) and (607.2 mm), respectively (Table 2) . Also, these results indicated that SA(10/10) and SA(10/15) are appropriate to increase (WUE) and (IWUE) because they allow applying less irrigation water for cotton production, 3659.5 and 3826.5 (m 3 /fed), respectively while produced higher yield. This provides a useful guide to assess these irrigation strategies. So, Surge alternate-furrow irrigation with appropriate irrigation treatments AS(10/10) and AS(10/15) can be used as an efficient method for cotton production in arid areas where production depends heavily on irrigation. It could be concluded that AS(10/10) and AS(10/15) treatments controlled stress irrigation without the risk of reduced cotton yield. 
